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STREAMLINING AUTOMOBILES 


When an automobile is driven along 
a level road, the power developed by 
the burning of the fuel is used in part 
to overcome the friction of the gears 
and bearings and of the tires on the 
road. The remainder of the power is 
used to overcome the resistance of the 
air. At speeds of 35 or 40 miles per 
hour the resistance to motion is about 
evenly divided between rolling resist- 
ance and air resistance. At higher 
speeds the air resistance preponderates 
and the maximum speed for a given 
power available is determined by the 
air resistance. 

The power expended in overcoming 
air resistance appears first as the en- 
ergy of a wind set up by the passage 
of the car. Everyone has had the ex- 
perience of stepping behind a moving 
car and feeling the strong wind or of 
seeing the dust clouds stirring up ona 
dusty road which evidence the motion 
of the air. These air currents finally 
die out because of friction in the air, 
and the energy finally appears as heat 
energy in the atmosphere. 

The least possible air resistance 
would be obtained if there were no air 
currents set up behind the car and 
there remained only the friction of the 
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air moving past the surface of the car. 
The resistance in this case would be 
less than one tenth that actually present 
in a typical modern automobile. It is 
not feasible to reduce the resistance 
of an actual automobile to this amount 
for practical reasons, but considerable 
improvement can be made. 

The large resistance in excess of 
pure frictional resistance is associated 
with the setting up of air currents by 
the motion of the car. The earliest at- 
tempts at streamlining were based on 
the idea of dividing the air gently by a 
conical cap or a wedge on the front of 
the car. It has since been found that a 
blunt nose does not produce any exces- 
sive resistance. In a certain sense, the 
air itself builds up into a cap or wedge, 
not absolutely at rest with respect to 
the car but of reduced speed. The real 
difficulty is to have the air close in 
smoothly behind the car and be left 
without forward motion. Air will not 
turn sharp corners and even with 
moderately curved ‘surfaces, it separ- 
ates from the surface for reasons asso- 
ciated with the surface friction. How- 
ever, great improvement can be ob- 
tained by rounding sharp corners and 
keeping the curvature as moderate as 
possible. 
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Excrescences of various kinds, such 
as headlights, fenders, door handles, 
ete., also produce air motions repre- 
senting additional resistance. For any 
one element, especially if suitably 
streamlined, the effect may be small 
but the sum total is large. 

The air resistance may be experi- 
mentally determined by means of 
model experiments in a wind tunnel, 
a device for producing an artificial 
wind. With suitable arrangements 
for representing the effect of the 
ground, the air resistance is the same 
when the model is held at rest and the 
air moves as when the model moves 
and the air is at rest. 

At the Century of Progress Exposi- 
tion in Chicago a small exhibition 
wind tunnel has been installed by the 
Bureau. In the tunnel are placed two 
models—one of a conventional car of 
today, the other of one design of 
streamline car. For the conventional 
ear the resistance at 100 miles per hour 
is about 15 pounds per square foot of 
frontal area; for the streamline car it 
is only 6 pounds per square foot of 
frontal area. (In the exhibition set-up 
the supporting rods contribute addi- 
tional resistance. ) 

The question arises as to the mean- 
ing of such a reduction of air resist- 
ance in the practical operation of auto- 
mobiles, There are two ways in which 
the reduction may be used (1) in 
securing greater economy or (2) in 
attaining greater speeds. 

At 85 or 40 miles per hour, air re- 
sistance represents about one half the 
total resistance. A saving of 60 per- 
cent of the air resistance represents a 
saving.of 30 percent of the total re- 
sistance and hence 80 percent of the 
power. Therefore, about 30 percent 
less fuel need be burned. At lower 
speeds the saving will be less; at 
higher speeds it will be greater. Com- 
putations by several engineers have 
shown that savings of 25 to 40 percent 
may be expected when all factors are 
included. 

Since less. power is used in over- 
coming air resistance, there would be 
more power available at any speed for 
acceleration or hill climbing and hence 
the activity of the car would be im- 
proved. 

One difficulty, however, arises with 
this use of streamlining. Since the air 
resistance is reduced, the maximum 
Speed is increased. However, the gear- 
ing between the engine and rear axle 
is adjusted so that the engine is run- 
ning at its rated speed and delivering 
maximum power at the present maxi- 
mum speed of the car. If the car goes 
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faster, the engine must go faster. This 
would result in excessive engine 
speeds, a falling off in the power avail- 
able, and possible damage to the en- 
gine. Hence it would not be possible 
to open the throttle wide on a smooth 
level road without damage to the en- 
gine. 

The obvious remedy is to change the 
gear ratio to allow the engine to turn 
more slowly at a given car speed. 
This must be done if streamlining is to 
be used to obtain higher maximum 
speeds, the gearing being selected to 
obtain the rated engine speed .at the 
new maximum car speed. However, 
a new difficulty arises, for now the 
power available at a given car speed is 
reduced. Less power is available for 
acceleration and hill climbing. The ac- 
tivity of the car is reduced ; gears must 
be changed oftener. l1f a completely 
automatic transmission is developed 
and comes into use, this difficulty will 
disappear, but at present it remains as 
an obstacle to the use of streamlining 
for increasing maximum speeds. 

The model shown in the Chicago ex- 
hibit is suitable only for speeds not 
exceeding 100 miles per hour. When 
the speed is greater, other important 
problems arise. In the first place, the 
lifting effect of the air flow about the 
car becomes of sufficient magnitude to 
interfere with proper traction and 
braking. In Major Segrave’s “ Golden 
Arrow ”, inclined planes were used to 
produce downward forces at the axles 
to improve the traction. 

The second problem at very high 
speeds is that of stability. Streamline 
bodies tend to turn broadside to the 
relative air motion. Hence side winds 
produce large moments tending to 
cause the car to skid. This tendency 
must be counteracted by the use of tail 
fins having the same function as the 
vane of a weathercock. Unlike the 
weathercock, the surface must be ad- 
justed until the stability is neutral, for 
it would be just as disastrous to have 
the car turn into every side wind. 
Major Segrave determined the proper 
amount of tail surface by wind-tunnel 
tests. 

At low speeds, the lifting and turn- 
ing effects are present, but their mag- 
In one streamline car 
(Sir Dennistoun Burney’s) the lift was 
estimated to be 3800 pounds at 100 
miles per hour and only 109 pounds at 
60 miles per hour. Ee 

The possibility of improved fuel 
economy or higher speed through ~ 
streamlining has been known to tech- — 
nical experts for at least 10 years, 
and several experimental models have 
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been constructed, especially in Kurope. 
None of these cars has been commer- 
and the _ so-called 
streamlining of present-day cars is es- 
sentially only a talking point. Some 
reduction of air resistance has been 
achieved by rounding corners and 
other minor changes, but the accom- 
plishments are trivial in comparison 
with the reduction that is easily possi- 
ble. The reason for the delay in in- 
troducing truly streamline cars lies in 
the repugnance of the public to radical 
changes in appearance. No manufac- 


turer has been willing to hazard large 


sums of money on a car which will not 
be bought, and attempts are being 
made to make a gradual transition to 
cars which are really streamlined. 

It is not maintained that the model 
used in the Chicago exhibit represents 
the car of the future. Sufficient wind- 
tunnel studies have not been made to 
exhaust the possible methods of reduc- 
ing the air resistance. In addition, 
many problems of a practical nature, 
for example, improving the accessi- 
bility of the engine, must be solved be- 
fore such a car could be placed on the 
market. When, however, the public 
becomes conscious of the advantages of 
true streamlining and, in Sufficient 
numbers, demands these advantages, 
manufacturers can and will produce 
them. 

A more technical analysis of this 
problem will be published in the Au- 
gust number of the Bureau of Stand- 
ards Journal of Research. Separate 
copies of the paner will not be avail- 
able until some time after the appear- 
ance of the Journal. The Research 
Paper number and price will be an- 
nounced in the usual way in this 
Bulletin. 


MISCIBILITY OF GASOLINE WITH 
ALCOHOL 


In Research Paper No. 571, published 
in the June number of the Bureau of 
Standards Journal of Research, data 
are presented on the effect of the vola- 
tility of gasoline on its miscibility 
with ethyl alcohol containing various 
amounts of water. Samples of gaso- 
line having different volatilities were 
obtained by two methods—first, frac- 
tional distillation of an original gaso- 
line, and, second, blending of refinery 
and natural gasolines. The more vyola- 
tile gasolines were found to be more 
miscible with alcohol, in that they pro- 
duced mixtures having lower critical 
solution temperatures than _ similar 
mixtures containing less volatile gaso- 
line. Comparatively small differences 


were found in the miscibility with 
ethyl alcohol of gasolines having the 
Same volatility but different composi- 
tion. 


VISCOSITY OF SULPHURIC-ACID 
SOLUTIONS 


Storage batteries are now used under 
such widely differing conditions of 
temperature that an extension of 
knowledge of the basic properties of 
sulphuric-acid solutions, which are em- 
ployed for the electrolyte in lead-acid 
batteries, is desirable. The decreased 
capacity of batteries at low tempera- 
tures is attributable in part to the in- 
crease in viscosity of the electrolyte at 
such temperatures. No data for the 
viscosity of sulphuric-acid solutions 
below 0° C. (32° EF.) have been pre- 
viously available, but measurements 
have how been made at the Bureau of 
the viscosity of solutions containing 10 
to 50 percent acid over a temperature 
range from +30° to —50° C. (+86° to 
—58° F.). The measurement of some 
of the more dilute of these solutions 
was limited, however, by the freezing 
points. Below 0° C. (32° F.) the vis- 
cosity increases very rapidly as the 
temperature iS diminished. 

The complete report of this work is 
published as Research Paper No. 566 
in the June number of the Bureau of 
Standards Journal of Research. 


GRID COMPOSITION AND SULPHATION 
OF STORAGE BATTERIES 


The effect of antimony in producing 
excessive sulphation of negative plates 
in storage batteries has been known 
previously, but recent experiments at 
the Bureau and elsewhere have shown 
that the small amounts of antimony 
released from the positive grids in the 
course of normal operation of batteries 
are sufficient to affect the negative 
plates. 

Batteries have been made and oper- 
ated in the laboratory to test the ef- 
fect of varying the composition of the 
grids for positive plates. The alloys 
employed in this work included a 
series of lead-antimony and lead-cad- 
mium compositions. 

The operation of the batteries was 
observed during 115 cycles of charge 
and discharge. For the most part, the 
cycling of the batteries was controlled 
automatically, but measurements of ca- 
pacity and plate potentials were made 
at intervals during the course of the 


tests. 


No large differences in capacity re- 
sulted from variations in the antimony 
content of the positive grids, but grids 
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containing 3 percent or less of anti- 
mony were not as durable as those of 
customary compositions. 

Tests for loss of charge on standing 
for a period of 114 days showed the 
loss to be greater in those cells con- 
taining the higher percentages of anti- 
mony in the positive grids. The ca- 
pacity of the cells, with one exception, 
was limited by the negative plates, 
however, and these were found to con- 
tain measurable quantities of anti- 
mony in the active material after com- 
pleting 115 cycles of charge and 
discharge. 


The percentage of antimony found 
by analysis in the active material of 
the negative plates was greater in 
those cells in which the positive grids 
contained the greater percentages of 
antimony. The analysis for antimony 
was made at the conclusion of 115 
cycles of charge and discharge. 

Local action produced at the sur- 
face of the negative plates was meas- 
used by weighing the plates at inter- 
vals while they were suspended in 
solutions of sulphuric acid and main- 
tained at a constant temperature. The 
plates having the greatest amount of 
antimony in the active material sul- 
phated the most rapidly. The negative 
plates from cells in which the positive 
grids were made of pure lead or the 
lead-cadmium alloys sulphated much 
less than the others. 

Positive grids of lead-cadmium al- 
loys did not prove to be as durable as 
the lead-antimony alloys in these ex- 
periments. The operation of negative 
plates was improved, however, by the 
absence of antimony from the positive 
grids. Part of the difficulty with the 
lead-cadmium alloys may have been 
caused by insufficient experience in 
using such material in batteries. 

The complete account of this work is 
published as Research Paper No. 567 
in the June number of the Bureau of 
Standards Journal of Research. 


ENCYCLOPEDIA OF SPECIFICATIONS 
FOR METALS AND METAL PRODUCTS 


All producers, distributors, and large 
users of metals, alloys, and metal 
products will be interested in the new 
encyclopedia, Standards and Specifi- 
cations for Metals and Metal Products, 
which has just been issued by the 
Bureau. 

This is a book of about 1,350 pages 
containing the standards and specifi- 
cations in this field prepared by more 
than 80 nationally recognized organi- 
zations authorized to speak for indus- 
try or the Federal Government as a 
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whole. All available nationally recog- 
nized specifications embraced within 
the numerical classification 600 to 699 
in the Bureau’s Directory of Commod- 
ity Specifications (Miscellaneous Pub- 
lication No. 180) are reproduced in 
convenient form with an adequate in- 
dex, so that specifications covering any 
given commodity can be easily located. 
There are 10 chapters, covering iron 
and steel; iron and steel manufac- 
tures; ferro-alloying ores, metals, and 
metal manufactures; aluminum, anti- 
mony, bismuth, cadmium, and cobalt; 
copper, brass, and bronze; lead, mer- 
cury, and nickel; precious metals, 
metal jewelry, and plated ware; 
clocks, watches, and dials; tin and 
zinc; and miscellaneous ores, metals, 
alloys, and metal manufactures. 

Included in the volume are over 1,600 
standards and_ specifications, given 
either in full or by suitable abstract, 
tabulation, or cross reference; de- 
scriptions of methods of testing, chem- 
ical analyses, metallic coatings, and 
heat treatment; 1,100 illustrations to 
supplement the text; 2,000 cross ref- 
erences to demonstrate the close rela- 
tionship among the specifications as- 
signed to the metals; condensed infor- 
mation in the form of 1,700 tables; 
and a list of technical societies, trade 
associations, and other organizations 
issuing standards and specifications, 
with addresses to indicate proper 
sources for information on possible re- 
visions or supplemental data. 

This is the third of these encyclo- 
pedias prepared by the Bureau. The 
other two cover specifications in the 
wood-using industries, and specifica- 
tions for nonmetallic minerals and 
their products. All are companion vol- 
umes to the directory of specifications, 
before mentioned. 

Copies of the new _ encyclopedia, 
bound in green buckram, entitled 
“ Standards and Specifications for Met- 
als and Metal Products”, Bureau of 
Standards Miscellaneoug Publication 
No. 120, may be purchased from the 
Superintendent of Documents, Gov- 
ernment Printing Office, Washington, 
D.C., at $3 each, post paid in the 
United States. The price to foreign 
countries is $4. 


EFFECT OF CASTING CONDITIONS ON 
PROPERTIES OF GRAY CAST IRON 


The effect of maximum heating tem- 
perature on the physical properties of 
cast iron has been investigated at the 
Bureau. The strength of cast iron is 
known to be a function of the amount 
and distribution of the graphite pres- 
ent, and also of the structure of the 
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groundmass. Maximum strength is to 
be expected from an iron with small 
globular graphite flakes in a pearlitic 
or sorbitic matrix. These conditions 
are largely controlled by composition, 
melting practice, and heat treatment of 
the casting, as has been found by many 
investigators. It wag the object of the 
present investigation to study the re- 
lation between maximum heating tem- 
peratures and physical properties, in- 
cluding the running quality and 
shrinkage of different types of com- 
mercial cast irons. 

Three types of cast iron were 
studied. Four heats, all melted in a 
high-frequency induction furnace, were 
made for each type iron with maxi- 
mum heating temperatures of the 
liquid metal at 1,400°, 1,500°, 1,600°, 
and 1,700° C. (2,550°, 2,750°, 2,910°, 
and 38,090° F.), respectively. Four 
duplicate transverse test bars of dif- 
ferent diameters were cast from each 
heat in a dry sand mold and the fol- 
lowing properties determined: trans- 
verse breaking load, deflection, modu- 
lus of rupture and modulus of elastic- 
ity, hardness, density, and microstruc- 
ture. The shrinkage and the running 
qualities of the irons were also investi- 
gated. 

The transverse breaking strength for 
each iron changed with maximum tem- 
perature to which the liquid iron had 
been heated and, for two classes of 
iron, the highest strength for bars of 
each size was obtained at a dif- 
ferent maximum temperature of the 
liquid metal. In general, the density 
of the solid metal and the linear con- 
traction increased with an increase in 
heating temperature of the liquid 
metal, whereas the density in the 
liquid, state was not affected. The 
running quality of the irons investi- 
gated was apparently not affected by 
the miximum heating temperature, 
but was found to be a function of the 
liquidus temperature, being inversely 
proportional! to the solidification range. 

The microstructure of the 1.2-inch 
bars indicated that irons of highest 
strength were associated with rela- 
tively small graphite flakes and a 
pearlitic-sorbitic matrix. 


CREEP AND STRUCTURAL STABILITY 
OF NICKEL-CHROMIUM-IRON ALLOYS 
AT HIGH TEMPERATURES . 


In recent years metallurgists and 
engineers have become’ thoroughly 
aware that much remains to be learned 
of the properties and behavior of 
metals at high temperatures. Modern 
power-generating equipment, petroleum 
refineries, chemical manufacturing 
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plants, and many other of the present- 
day industries must rely in a large 
degree upon the dependable service of 
metals at relatively very high temper- 
atures. 

The problem of the research and 
testing laboratory is to secure data 
on the high-temperature strength of 
metals, which are sufficiently depend- 
able for the use of the engineer. This 
problem is by no means a simple one, 
because the strength of metals in serv- 
ice involves a time factor. That is, a 
metal which appears to be sufficiently 
strong and rigid when tested by the 
rapid application of a certain load 
may deform or fail, if loaded, to a far 
less degree and allowed to remain un- 
der this load for a long period of time. 
The deformation that results from 
loading for a long period of time is 
called ‘‘ creep.” The measurement of 
“creep” of metals at elevated temper- 
atures is the nearest approach to a 
satisfactory test by which materials 
may be selected for service conditions. 

In Research Paper No. 572, pub- 
lished in the June number of the Bu- 
reau of Standards Journal of Research, 
the results are given of ‘‘ creep”? meas- 
urements on a series of nickel-chro- 
mium-iron alloys at 870° C. (1,600° 
Bos 

A study was made of the ‘ creep” 
resistance of 15 alloys, covering a range 
from 1 to 75 percent nickel and from 
3 to 55 percent chromium. ‘The results 
were compared with those of a pre- 
vious investigation at 538° C. (1,000° 
F.) on similar alloys. 

In the investigation at 588° C. 
(1,000° F.) of the nickel-chromium- 
iron system, it was found that the 
alloys containing little or no iron, 50 
to 80 percent nickel, and 20 to 50 per- 
cent chromium exhibited the greatest 
resistance to “creep.” At 870° C. 
(1,600° F.) the strongest alloys are 
those containing approximately equal 
parts of nickel, chromium, and iron. 

An attempt was made in a metallo- 
graphic study to distinguish between 
the effect on structure of elevated tem- 
perature alone and of elevated tem- 
perature and stress combined. A com- 
parison was made between the struc- 
ture in specimens used in the “ creep ”’ 
test and that in the unstressed speci- 
mens of the same alloys annealed at 
870° C. (1,600° F.) for periods rang- 
ing from 100 to 1,000 hours or quenched 
in iced brine from that temperature. 
In nearly all cases the quenched speci- 
mens were Similar in structure to the 
annealed materials which indicates 
that these alloys were not readily heat 
treated. 
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Carbide precipitation and agglomer- 
ation of the carbide at the grain boun- 
daries were most pronounced in both 
the binary iron-chromium alloys and 
the ternary iron-chromium-nickel al- 
loys of higher chromium content. Pro- 
Icnged heating of both stressed and un- 
stressed specimens did not produce any 
pronounced changes in the structure 
of the binary iron-chromium alloys or 
the ternary alloys except those con- 
taining 50 percent or more of nickel. 


EFFECT OF VULCANIZATION ON THE 
REFRACTIVE INDEX OF RUBBER 


Recent measurements of the refrac- 
tive index of purified rubber vulcanized 
with different percentages of sulphur 
indicate that the refractive index in- 
creases with the proportion of sulphur 
combined with the rubber. 

The determinations of refractive in- 
dex were made at approximately 25° 
C. on a calibrated Abbe refractometer. 
The method of total reflection instead 
of grazing incidence was used. 

The rubber used for the preparation 
of samples was free from protein and 
resins and contained about 99.5 per- 
cent of the pure rubber hydrocarbon. 
The samples were vulcanized for a 
time sufficiently long to bring practi- 
cally all the sulphur into combination 
With the rubber. 

Results are given here for compounds 
containing 12 percent of sulphur and 
less. Some measurements were made 
ol compounds containing higher per- 
centages of sulphur, but on account of 
uncertainties arising from difficulties 
in making observations further work 
must be done before these are reported. 


Refractive index of rubber-sulphur 


compounds 


Sulphur combined | Refractive index for 
with rubber D line at 25° C. 


Atoms of Calcu- 
Percent- | sulphur lated by 
age (by per Observed] empiri- 
weight) | (C5Hs) cal equa- 

group tion 

0 0 1. 5194 1. 5190 

2 0. 043 155255 1, 5258 

4 . 089 1. 5327 1. 5330 

6 . 136 1. 5403 1. 5405 

8 . 185 1. 5483 1. 5482 

10 SATE 1. 5555 1, 5564 

tz . 290 1. 5659 1. 5648 


The proportion of sulphur is shown 
in the table both as percentage by 
weight and as atoms of sulphur for 
each isoprene residue or (C;Hs) group 
in the rubber. When the refractive 
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index is plotted as a function of the 
atomic fraction of sulphur, the rela- 
tion appears to be linear within the 
probable experimental error. An em- 
pirical equation for this relation is 


Np*"=1.5190+0.158 8 


wheren p”” is the refractive index of 
a rubber-sulphur compound measured 
with sodium light at 25° C. and S is 
the atomic fraction of sulphur per 
(CsHs) of the rubber. This equation 
agrees with observations with a maxi- 
mum deviation of 0.0011 and an aver- 
age deviation of 0.0005. 


TEXTILE TEST METHODS 


The proposed revision of Federal 
Specification No. 345a, to be known as 
Federal Specification No. CCC-T-191, 
Textile Test Methods, which has been 
under consideration by the textiles 
committee of the Federal Specifications 
Board for over a year, has been fur- 
ther revised. It was approved for 
promulgation by the Federal Specifica- 
tions Board on May 2. ‘This specifica- 
ticn contains the general test methods 
for textiles purchased by the Govern- 
ment. It is expected that copies will 
be available from the Superintendent 
of Documents in the near future. 


QUALITATIVE AND QUANTITATIVE 
fre ae OF TEXTILE MATE- 


A key for the identification of tex- 
tile fibers, including brush and cordage 
fibers in addition to the fibers used in 
fabrics, and a method for the quanti- 
tative analysis of mixtures containing 
two or more of the fibers, cellulose ace- 
tate rayon, regenerated cellulose rayon, 
cotton, silk, and wool were prepared 
end submitted to the textiles com- 
mittee, D-13 of the American Society 
for Testing Materials. These methods 
are being used as the basis for dis- 
cussion in the development of stand- 
ard methods for the qualitive and 
quantitive analysis of textile mate- 
rials. 

The Textile Section of the Bureau 
of Standards will furnish mimeo- 
graphed copies of these methods to 
anyone interested in submitting con- 
structive suggestions and criticisms. 


DETERIORATION OF BOOKS IN 
LIBRARIES 


The Bureau has found that the pa- 
per of books stored in city libraries 
is in a much poorer state of preserva- 
tion than the paper of identical vol- 
umes which have been kept in country 
or suburban institutions, according to 
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Miscellaneous Publication No. 140, 
recently issued. Analyses of the 
fiber of the paper of city books indi- 
eate that their cellulosic components 
have been adversely affected, resulting 
in embrittlement and discoloration of 
the paper. This greater deterioration 
of city books is largely ascribed to the 
presence in the air of small amounts 
of sulphur dioxide, an acid-forming 
gas resulting from the combustion of 
fuel and from certain industrial proc- 
esses. Laboratory work previously re- 
ported showed that concentrations of 
2 to 9 parts sulphur dioxide per 1,000,- 
000 parts of air caused a marked de- 
terioration of paper in 240 hours. 
This deterioration in the laboratory 
was accompanied by an abnormally 
high acidity, which was also found in 
the paper of books stored in cities. 
Since not all libraries can be located 
in rural or suburban districts, the 
Bureau has suggested that polluted air 
be given an alkaline washing to re- 
move the acid fumes before it is 
admitted to libraries. 

In the course of this work, 229 books 
from libraries throughout the United 
States were examined for color and 
Strength of the paper as well as kind 
and condition of paper fiber. The re- 
sults are further evidence that the 
chemical purity of the fibers them- 
selves is an important factor in the 
permanence of paper, for those con- 
taining appreciable quantities of 
ground-wood fibers were in a much 
poorer state of preservation than the 
papers containing chemically refined 
rag and wood fibers. 

The publication dates of the books 
ranged from 1779 to 1930. The papers 
were composed of rag fibers until 1867. 
From this date until 1875 many con- 
sisted of rag with various mixtures of 
straw and chemically treated wood 
fibers. The first ground-wood fibers 
were in a book published in 1875,:and 
were found, usually mixed with other 
fibers, quite extensively until around 
1910. Therefore the permanence of 
papers in books published during this 
period is open to suspicion. The old- 
est paper made entirely of chemically 
treated wood fibers was in a book 
dated 1889. In several books there 
was a mixture of the poorest grades 
of paper with the best grades, which 
explains some of the uneven deteriora- 
ation of different pages often observed 
in old books. 

This research is one phase of a gen- 
eral study of the storage of books and 
records being made at the Bureau of 
Standards with the assistance of a 
fund granted for the purpose to the 
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National Research Council by the Car- 
negie Corporation. 

Copies of this report are now avail- 
able at the Superintendent of Docu- 
ments, Government Printing Office, 
Washington, D.C., at 5 cents each. 


FIRE TESTS OF COLUMNS PROTECTED 
WITH GYPSUM 


Fire tests of six steel columns with 
gypsum protective coverings have been 
made recently at the Bureau. Further 
information concerning the effects on 
the fire resistance of different meth- 
ods of applying and anchoring the gyp- 
sum was obtained. In previous fire 
tests with unplastered gypsum block 
column coverings (reported in Bureau 
of Standards Technologic Paper No. 
184) it was observed that shrinkage of 
the blocks loosened the mortar until 
the metal ties were no longer effective. 
As the fire progressed the blocks fell, 
exposing the steel, usually before its 
temperature had exceeded 100° C. 
(212° ¥F.). 

It was further desired to determine 
the fire resistance with plastered cov- 
erings of gypsum block and of mono- 
lithic poured gypsum. One column 
with the latter type of covering 2 
inches thick and plastered withstood 
the fire test for nearly 7 hours before 
failing under the applied load, which 
performance comes within the higher 
range given by monolithic coverings of 
other materials. One plastered cover- 
ing of 2-inch solid blocks built with the 
Same details as some unplastered cov- 
erings included in the previous tests 
referred to above withstood the test 
for about 5°4 hours, or more than 
twice the time required to cause fail- 
ure with the given coverings in the 
former tests. 

The blocks of the other coverings of 
the present series were tied by means 
of U-shaped anchors pushed into holes 
in the ends of adjacent blocks and 
bedded in mortar. The bond thus ob- 
tained was found to be less affected by 
the shrinkage of the blocks as exposed 
to fire than the metal mesh or ties con- 
tained wholly within the horizontal 
mortar joints in the previous tests, al- 
though some of the blocks of the un- 
plastered coverings in the recent tests 
fell near the end of the test, thus 
hastening failure. The effectiveness of 
plaster was further shown by the fact 
that the average time to failure with 
unplastered coverings of 2-inch solid 
and 38-inch hollow blocks was nearly 
2%, hours, while for almost identical 
coverings finished with 14% inch of 
sanded gypsum plaster, the time was 
4%, hours. All blocks.of plastered cov- 
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erings remained in place until the end 
of the test. The plaster applied to 
block coverings increased the fire re- 
sistance in greater proportion than the 


ratio of the squares of resulting net ; 


thicknesses of covering outside of the 
steel, 

This work will be more completely 
described in Research Paper No. 563 
in the June number of the Bureau of 
Standards Journal of Research. 


DETERMINATION OF MAGNESIA IN 
PORTLAND CEMENT 


The determination of magnesia in 
Portland cement is one of the most im- 
portant tests in ascertaining whether 
the material conforms to Federal and 
commercial specifications. Two years 
ago a method was described by the 
Bureau in which 8-hydroxyquinoline 
was used as a reagent for magnesia. 
This method reduced the time required 
for the determination to 2 hours as 
compared with 11% days required by 
the older phosphate method then in 
general use. In Research Paper No. 
569, which will be published in the 
June number of the Bureau of Stand- 
ards Journal of Research, some recent 
work is described which shows that 
magnesium oxyquinolate may be pre- 
cipitated in the presence of calcium 
oxalate, thus reducing the time re- 
quired for the determination to 1% 
hours. The errors are well within 
commercial tolerances, and the results 
are comparable with those obtained by 
the phosphate method. 


DETERMINATION OF SODA IN GLASSES 
CONTAINING RELATIVELY LARGE 
AMOUNTS OF POTASH 


A modification of the determination 
of soda by precipitation as sodium zinc 
uranyl acetate was reported by Glaze 
in the Journal of the American Ce- 
ramic Society, volume 14, no. 6, 1931, 
page 450. The presence of large 
amounts of potash interfere with soda 
determination by this method. It has 
been demonstrated recently that the 
excess of potash can be removed as 
perchlorate and the soda determined 
in the resulting solution. 

In the previous work the perchlo- 
rates were decomposed before the pre- 
cipitation of the soda, but it is now 
evident that it is only necessary to 
remove the excess perchloric acid by 
fuming, and the decomposition of the 
perchlorates is not essential. Conse- 
quently, the acid-free sodium and po- 
tasium perchlorates are transferred to 
a weighing bottle, diluted somewhat, 
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and as soon as the insoluble potassium 
perchlorate has settled out, a weighed 
portion of the clear supernatant solu- 
tion is taken for the soda determina- 
tion. The potash is determined by 
difference through the combined 
weights of the sodium and potassium 
fluosilicates. 

Glasses containing from 5 to 20 per- 
cent soda and from 5 to 380 percent 
potash, analyzed under varying -con- 
ditions, gave the following percentages 
of soda: 5.12; 5.123 6.07,) 5:14; Vi2oe. 
12.57, 19.79, 19.78. 


PROPERTIES OF BUILDING BRICKS 


In a paper by J. W. McBurney and 
C. EH. Lovewell, entitled “ Strength, 
Water Absorption, and Resistance to 
Weathering of Building Brick Pro- 
duced in the United States”, presented 
at the June 1933 meeting of the Amer- 
ican Society for Testing Materials, 
there is given a rather complete picture 
of the quality of the brick produced in 
the United States. Two hundred and 
fifty-five manufacturers, representing 
37.4 per cent of the 1929 brick produc- 
tion, submitted a total of 684 samples 
covering all grades produced. The 
paper gives weighted averages of sey- 
eral physical properties for both the 
“hard” and ‘ salmon” brick manu- 
factured in different districts of the 
United States. The range of strength 
and water absorption of the brick is 
given not only for the whole United 
States but also individually for the 
principal cities. The grand weighted 
average for compressive strength of all 
Samples included in the survey is 7,246 
lb./in.”, with a range for individual 
samples of from less than 1,500 to 
over 21,000 lb./in.? Water absorption, 
measured by 5-hour boiling, ranges 
from less than 2 up to 34 percent with 
a weighted average for all bricks of 14 
percent. 

The paper discusses the question of 
distinguishing ‘‘ hard ” from “ salmon ” 
bricks on the basis of strength and 
water absorption. The data include 
the results of 51 cycles of freezing 
and thawing on approximately 480 
specimens, for the most part classified 
as “salmon”, as well as the manufac- 
turers classification of all samples. It 
is concluded that no sharp separation 
of these two grades of brick can be 
made, but that rejection of salmon 
grades can be insured by specifying 
combination of strength or water ab- 
sorption with values for the ratio of 
48-hour cold-water absorption to 5- 
hour boiling-water absorption. 
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GLASS PHASE IN OHIO HEAVY CLAYS 


At the Columbus Station a study is 
being made of the glass developed in 


_ three typical Ohio heavy clays, when 


heated to vitrification. An alluvial 
“Joess”’ clay from Zanesville, a shale 
from Summitville and a glacial clay 
from Toledo were selected for this in- 
vestigation. 

The preliminary work was started 
by making thin sections from samples 
which had been heated and cooled in 
the laboratory kilns during the prog- 
ress of a heavy clay investigation. 
Powdered samples from the same 
specimens are also being studied. 
Briefly, the following was noted: 
1. Alluvial clay.—The microscopic 
examination of this showed a change 
of color from pale yellow of the raw 
clay to a deep reddish brown when 
heated to cone 08. The crystalline 
character of the clay substance, quartz 
and mica, was practically unchanged. 

In the sample heated to cone 04 a 
small amount of very heterogeneous 
highly colored glass was found in the 
clay substance, cementing together 
larger mineral grains. The amount of 
fine-grained crystalline material in 
the clay substance had decreased. 

An increase in the amount of the 
glass phase and a decrease in the 
quantity of tiny mineral fragments of 
the clay substance, continued as sam- 
ples from specimens heated to cones 
3, 4, 6, 7, 8 and 9 were examined. 
Gas bubbles appeared in the glass of 
the sample heated to cone 4. Reduc- 
ing conditions in the kiln enormously 
increased the solution of mineral 
grains in the glass phase, accom- 
panied by the production of numerous 
glass bubbles and the formation of a 
much clearer, more homogeneous glass 
phase. In the vitrified samples growth 
of extremely fine needlelike crystals in 
the glass phase was noted. These 
were most abundant near dark iron- 
rich areas in the glass. 

2. Shale-—The clay substance in the 
Shale was somewhat similar in appear- 
ance to that in the alluvial clay. 
There was an abundance of plate-like 
crystalline material and large amounts 
of Jimonite. The abundance of opaque 
aggregates was a distinguishing char- 
acteristic of the shales. These aggre- 
gates served as a means of differentiat- 
ing the shales from the other clays. 
The quartz fragments, though abun- 
dant, were finer grained than those in 
the alluvial clay. The heterogeneous 
character of the shale was beautifully 
shown in the thin sections. Some ag- 


gregates were made up of fine-grained 
quartz held together by thin layers of 
iron-stained material containing little 
or no mica. Other aggregates were 
rich in mica and coarse quartz ce- 
mented together by heavy layers of 
brown to black material. Some aggre- 
gates were opaque with the exception 
of a few scattered quartz or mica 
fragments. 


Only a small amount of glass phase 
was noted in the low-fired specimens 
(cones 08, 06, 04, and 08). It ap- 
peared first in the fine-grained clay 
Substunce rich in mica and iron oxide. 
At cone 4 a marked increase in glass 
was noted. The glass was of a dark 
color and contained numerous grains 
of black magnetite and iron-rich ma- 
terials. At cone 7 the glass phase had 
greatly increased, and the fine crystal- 
line material had disappeared. 

3. Glacial clay—This clay presented 
a striking difference in appearance 
from the shale and alluvial clays. 
Plate-like crystalline material was 
present in very small quantities in the 
clay substance, which had a granular 
appearance. The chief characteristic 
of this clay is the presence of large 
amounts of tiny rhombs of dolomite. A 
few fragments of feldspar were noted. 

The glass phase developed more 
rapidly in this clay than in the shale 
and alluvial clays. At as low tem- 
peratures as cone 08, appreciable 
amounts of glass had been developed 
with a pronounced decrease in the 
quantity of crystalline material. Prac- 
tically all of the dolomite had lost its 
crystalline properties and the grains 
were etched at points of contact with 
iron oxide. The amounts of glass 
phase increased in specimens heated to 
cones 06 and 04. 

At cone 1 very little crystalline ma- 
terial remained. The glass phase, 
though somewhat clearer, was still far 
from homogeneous. At cone 3 two 
changes in the glass phase were the 
appearance of numerous tiny needle- 
like crystals and gas bubbles. Small 
grains of quartz still remained, though 
most of it had been dissolved. 


NEW AND REVISED PUBLICATIONS 
ISSUED DURING MAY 1933 


Journal of Research * 


Bureau of Standards Journal of Re- 
search, vol. 10, no. 5, May 1933 (RP 
nos. 549 to 560, inclusive). Price, 25 
eents. Obtainable by subscription. 


1 See footnote, p. 70. 
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Research Papers * 
(Reprints from Journal of Research) 


RP531. Temperature coefficient of the 
moduli of metals and alloys used as 
elastic elements; G. H. Keulegan 
and M. R. Houseman. Price, 5 cents. 

RP532. A magnetic balance for the in- 
spection of austenitic steel; R. L. 
Sanford. Price, 5 cents. 

RP535. Seattering of electrons by ions 
and the mobility of electrons in a 
caesium discharge; C. Boeckner and 
EF. L. Mohler. Price, 5 cents. 

RP536. The preparation of optically 
stable sugar solutions for colorime- 
ter analysis; J. F. Brewster and 
Ff. P. Phelps. Price, 5 cents. 

RP537. Thermoelectric properties of 
platinum-rhodium alloys; F. R. 
Caldwell. Price, 5 cents. 


Simplified Practice Recommendations’ 


R1-32 (8th ed.). Vitrified paving brick. 
Price, 5 cents. 

R45-32. (4th ed.). Grinding wheels. 
Price, 5 cents. 

R137-32. Dental cone-socket mirrors. 
Price, 5 cents. 

R138-32. Dental rubber (base and ve- 
neering). Price, 5 cents. 


Miscellaneous Publications * 


M120. Standards and specifications for 
metals and metal products. Price, 
$3 (foreign, $4). 

M140. A study of the deterioration of 
book papers in libraries; A. H. Kim- 
berly and A. L. Emley. Price, 5 
cents. 


Commercial Standards Monthly * 


Commercial Standards Monthly, vol. 9, 
no. 11, May 1933. Price, 10 cents. 
Obtainable by subscription. 


Technical News Bulletin * 


Technical News Bulletin No. 193, May 
1933. Price, 5 cents. Obtainable by 
subscription. 


1Send orders for publications under this 
heading only to the Superintendent of 
Documents, Government Printing Office, 
Washington, D.C. Subscription to Techni- 
cal News Bulletin, 50 cents per year (United 
States and its possessions, Canada, Cuba, 
Mexico, Newfoundland, and Republic of 
Panama) ; other countries, 70 cents. Sub- 
scription to Journal of Research, $2.50 per 
year; other countries, $3.25. Subscription 
to Commercial Standards Monthly, $1 per 
year; other countries, $1.60. 
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LETTER CIRCULARS 


It is the intent of the Bureau to 
distribute single copies of these mime- 
ographed letter circulars on request _ 
only to those parties having a special 
interest in the individual letter circu- 
lar. Economy necessitates limitation 
in the number of copies issued. It is 
not the intent to supply parties with a 
copy of each letter circular issued dur- 
ing the month. Letter circulars are 
necessarily of a temporary nature de- 
signed to answer numerous inquiries 
on a given subject. Requests should 
be addressed to the Bureau of Stand- 
ards, Washington, D.C. 

LC373. List of pamphlets dealing 
with community home improvement 
and repair-work activities, and other 
material of interest to home owners. 

LC374. Zoned municipalities. 

LC375. Survey of zoning laws and or- 
dinances adopted during 1982. 

LC376. Metric and English distance 
equivalents for athletic events 
(track and field). 

LC377. Status of municipal building 
codes. 

LC378. Zoned municipalities by popu- 
lation groups. 

LC379. Operating manual for conduct- 
ing a local modernizing campaign. 
LC380. Acoustical publications by 
members of the staff of the Bureau 

of Standards. 


OUTSIDE PUBLICATIONS ? 


Lloyd, M. G., Why lightning is a lumi- 
nous streak, The United States News 
(Washington, DC.), vol. 1, no. 3, 
p. 16; weekly composite issue, May 
27 to June 38, 1983. 

Rossini, F. D., Thermodynamies and 
thermochemistry, Annual Survey of 
American Chemistry (Chemical Cat- 
alog Co., New York, N.Y.), p. 45; 
June 1933. 

Cummings, H. K., Combustion processes 
in aircraft engines, Aeronautical En- 
gineering (American Society of Me- 
chanical Engineers, New York, 
N.Y.), p. 65; April-June 1933. 

Tuckerman, L. B., From material to 
structure, Journal, Washington 
Academy of Sciences (Washington, 
D.C.), vol. 23, no. 5, p. 225; May 
15, 1933. 


2 Outside publications’’ are not for dis- 
tribution or sale by the Government. Re- 
quests should be sent direct to publishers. 
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